This paper describes the fundamental criteria for the construction of an automated Cartesian table with an innovative design and aiming to minimize costs while keeping high precision. For this reason, in the design phase, precision, cost, ergonomics as well as safety were considered the most important factors to guarantee a flexible and reliable workbench. During the construction phase, all quality standards were maintained, selecting suppliers with experience in the market, respecting good manufacturing practices and optimizing resources. Subsequently, the bench's systems and subsystems that generate significant effects on the structural elements were validated by means of load simulations. The construction was based on the aesthetics, availability of materials and manufacturing processes of easy access in the market that offered high quality at low cost. It was completed after construction, installation, commissioning and based on the results of the tests, the equipment operated in very good conditions.
Introduction
The mission of the a typical Mechanical Engineering program involve the contribution on training of integral and innovative professionals with high capacity for planning, analysis and synthesis of engineering challenges, project management and execution, as well as in different areas of Mechanical Engineering performance, trained for the creation, design, construction, assembly, operation and maintenance of industrial plants, machinery, equipment and tools, as well as for the provision of advisory and consulting services, with emphasis on the development of their research capabilities [1] . This project seeks to meet the mission objectives of the Mechanical Engineering program of the Universidad del Atlántico by providing the construction and commissioning of an automated Cartesian XYZ table with interchangeable headtool for plasma cutting and oxyfuel cutting [2] , low cost and high precision, with study of geometric and kinematic errors, allowing the student community to perform their laboratory practices in the subjects of manufacturing processes, mechanical design and additionally contribute to research groups for the implementation of research using the versatility that allows the interchangeability of the head-tools. The main contribution of this paper is to present the development of a Cartesian XYZ table for an interchangeable head-tool adapted to the oxycutting and plasma equipment that the university has, with a robust, automated and safe design that allows an easy and safe work for the operators. In the construction of this machine the study of the geometric and structural errors made in the design of this equipment will be carried out and that will allow to really quantify the error of this equipment, allowing to verify that a construction can be made at low cost and high precision that encourages the use of these equipments in the country.
Methodology
In this part of the paper is presented the design methodology and principal components of the Cartesian table, also the Control system components and the procedure carried out to select the welded joints. In additions, the Setup of the Software Communication and finally some detail of the User interface designed to have userfriendly environment with the operator.
Cartesian Table Design and Components
The Cartesian CNC table was divided into 4 main subsystems, the X, Y, and Z axes, each forming a subsystem, while the base table would be the fourth subsystem. The dimensions of the table are 1.8 meters long by 1.6 meters wide, while the cutting capacity is limited to 1.6 meters long by 1.4 meters wide and 0.1 m high. The table has been designed in such a way that it can be rigid, vibration absorbent and resistant to the different types of processes expected to be carried out on it.
To provide a solution to the movement of the X, Y, and Z subsystems, it was decided to evaluate the different solutions that met the requirements established for the project by means of the decision matrix using the weighted criteria method [2] as shown in Table 1 . Table 1 . Decision matrix.
The solutions chosen through this process were, Z-axis: guided system with linear bearing, and screw and nut transmission ASME, Y-axis: mixed guided system with toothed belt and pinion drive; X-axis: mixed guided system with toothed belt and pinion drive. The final architecture of the machine can be seen in Figure 1 .
Related to the Control system components, the automated movement and control of the table, stepper motors were selected, based on manufacturers' catalogues and according to the speed and precision requirements stipulated for the machine, torque and power calculations were made, with these calculations the motors, drivers and power supplies necessary for the operation of the automated system were selected, the main characteristics of the motors are summarized in Table 2 .
For the selection of the motors it was taken into account that the X axis would use two motors for each side, in order to guarantee synchrony in the movement, and therefore finally a Kit of 4 axes of the company Stepper Online® was selected, which also included the drivers and the power supply, in addition the selected controller was the CNC MACH 3 of 5 axes provided at national level by the company Vistronica®. According to the Methodology for the selection of welded joints, the entities in charge of the standardization of the welding process govern their standards based on the type of structure or application to be used, since the design and welding process is different for structures subjected to high pressures, for example, then for structures subjected to static loads. The Colombian Welding Association [3] summarizes in its literature, according to the type of structure, the applicable standard for the selection of the weld to be made. For this application, in particular, structures subjected to static and dynamic loads were selected although the dynamic load is small due to the low level of vibrations of the structure and the non-contact of the cutting tool with the element to be cut. The design of the joints to be welded takes into account the rules and principles that apply to the design of the structure as shown in Figure 2 [4] . Based on the recommendations for welded joint design and supported by the relevant standard, the following considerations are made for table and base welds: (1) As the base materials to be used are carbon steels, it is possible to use the SMAW process which is economical and popular, welds in all positions and in different thicknesses, does not require protection with auxiliary gas or granular flux, can be used in areas of limited access and open field, is used in production, maintenance and repair, and (2) For the type of purpose we can select an E6010 electrode (high penetration electrode for welding in all positions, high pressure vessels and pipe joints). Or perhaps an E7010 electrode (electrode for welding pipes and carbon and molybdenum steels) would also be acceptable [4] . 
Software Communication and Setup
The user interface of this equipment as shown in Figure 3 consists of two software, Inkscape® for text and image processing and conversion to G-code, and Mach3® for reading G-codes and transmitting them to the controller card. It was also decided to install some basic programs on the equipment such as video players, PDF readers, compressed file processors, and the Microsoft Office Basic package. For the configuration of the User Interface, the required programs were installed in the acquired computer equipment (Mach3® and Inkscape® programs), as well as the required configurations for the compatibility of the ports of the equipment, and the compatibility of the programs with the version of Windows pre-installed in the equipment, on the start screen there are icons for accessing the programs, in addition to a folder with instructions for the use of the equipment tutorials and manuals for the use of the programs (Mach3® and Inkscape®), G-code guide, error and displacement calculators, and other supporting documents for the correct use and handling of the information and equipment. The Mach3® software configurations as shown in Figure 4 was developed for the engine operation, where the electronic and electrical connections made correspond to 4 axes, 2 motors will be used for the X axis and their connections correspond to the pins assigned on the board for X axis and A axis, the other two axes correspond to the Z axis and Y axis. Once the connections have been made, the next step is to configure them in the Mach3® software, in addition to the configuration for the motors in this section, the configuration of the A axis as a slave of the X axis will be carried out so that both move synchronously, a USB control will also be configured to allow users to manually move the motors without having to enter any G code, and finally the emergency stop will be configured with a button on the keyboard and another on the USB control. Configuration of motors in interface: After installing Mach3® it is time to verify that the configuration is compatible with the ones connected to the controller, the first thing to be verified are the work units, to do this, enter the Configuration tab and then select native units. The axes must be activated and check as shown in Figure 5 that the step and direction pins correspond to those connected to the controller board. Now in the configuration tab it is possible to enter the motor tuning option, in this option it is possible to modify the variables such as steps, speed and acceleration, the variables to be configured are found in Table 3 . Related to the configuration of emergency stops and limit switches, the Mach3® control software allows the virtual location of accessories for emergency stop and limit switch control. For the emergency stop, a button on the interface (RESET) and the tab key on the computer are configured as a backup, in case of requiring quick access to it. The limit switches were defined based on the initial position of the machine, once the X0Y0Z0 position is reached the software allows the configuration of virtual limit switches based on the length of the machine, the limit switches were defined for the X 1600mm, Y 1200mm, and Z 120mm positions.
Results and discussion

Delivery, Performance Testing and Error Analysis
This machine is delivered in compliance with the requirements stipulated by the university and is installed in a place assigned by the institution within the laboratory for student practices. The equipment is delivered assembled and composed of 5 parts, which are base and anchoring table, Y and X axis, and the protection system. The anchoring table provides rigidity to the table because it is coupled to the floor, this part of the machine is responsible for supporting the other parts of the equipment (Base table, Y axis, Z axis and transmission elements) these elements act together to achieve the shape of the cut desired by the operator. Figure 6 shows the table as a whole made up of the above-mentioned elements as well as the control and electrical system. 
Functional tests
For these tests the following procedure was performed: (1) the MATCH 3 interface is tested for correct movement of each axis during manual operation, in this step there is little or no vibration of the equipment accompanied by low resistance to the movement of the axes. (2) When observing the correct operation of the axes, the designed tool (interchangeable head for part marking) is placed to later verify the similarity between the designed figure and the one produced by the machine. 
Error analysis
The error analysis consists of the creation of a millimetrically marked sheet, which is placed on top of the base grid of our table, guaranteeing perpendicularity between the sheet and the head, in order to verify the positioning accuracy of the head for different reference points, for which the following steps are performed: (1) a point of origin is defined in our millimetrically marked base, (2) the torch is placed in this position, (3) it is defined in our MACH 3 interface at this position as the origin or home position, (4) then, different points on the Cartesian table are programmed by means of quick positioning G codes, returning to home position after each movement, thus creating Table 4 which contains data on the different programmed positions and the real positions where the machine was placed. As a result, the positioning error increases as the programmed position moves away from the origin. The result is a maximum error of 0.1996%, which makes our machine a good precision machine capable of working with the tools it was designed for 
Conclusions
In general, An XYZ Cartesian table is efficiently built according to the drawings supplied. The equipment is fully automated using Mach3® software and the recommended control system, obtaining cutting speeds according to the requirements of the plasma and oxyfuel processes. A physical safety system is implemented to maintain safe working conditions in the control station without disturbing the normal operation of the equipment. Geometric and structural errors are checked on the machine, obtaining good results and good precision. Finally, an equipment according to the operational demands of the current market is delivered to the Universidad del Atlántico, with an impeccable presentation, a robust control system, good precision and low costs.
